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This  paper  Is  based  on  a  talk  given  by  John  B.  Large  on  February  1,  1968, 
at  the  University  of  Tennessee  Jpace  Institute.  The  talk  was  part  of  a 
abort  course  qn  noise  generation  and  suppression  ir.  aircraft. 

'The  paper  discusses  the  present  state  of  the  development  of  techniques 
for  the  suppression  of  Jet  noise.  The  theoretical  models  on  Jet  noise 

are  mentioned  briefly,  and  the  "design  principles"  for  jet  noise  sup¬ 

pressors  are  discussed  in  detail.  In  defining  the  generation  of  Jet 
I  noice,  the  following  three  separate  velocity  regimes  are  considered! 

I  (a)  vJl  Regime  (low  speed  jets) 

|  (b)  V:  Regime  (moderate  speed  Jets) 

j  (c)  V*  Regime  (high  speed  Jets) 

i 

j  The  discussion  on  jet  noise  suppression  considers  each  velocity  regime 

separately,  taking  into  account  the  extensive  overlap  between  the  regimes. 
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i.  laVCTdttfiUflni 

Hie  subject  of  discussion  in  this  paper  is  jet  noise  suppression.  We 
will  start  off  by  defining  what  we  mean  with  a suppression  of  jet  Boise." 
Jet  noise  refers  to  the  broad-band  acoustic  radiation  fras  the  exhaust 
of  a  Jet  engine.  Whereas  the  noisiness  of  the  radiation  depends  on  the 
subjective  reaction  of  the  individual  listener,  we,  as  engineers,  use  s 
standard,  weighted  integral  of  the  radiation  spec true  to  arrive  at  an 
annoy&noe  value  of  the  noise.  Suppression  of  jat  noise  therefore  in¬ 
dicates  s  reduction  in  the  acoustic  power  output  fro*  the  jet  in  such 
s  Manner  that  a  lower  annoyanoe  value  results.  The  acoustic  radiation  in 
the  near  field  of  the  Jet  causes  a  considerable  loading  an  the  aircraft 
skin,  and  we  say  define  near  field  suppression  ss  •  reduction  In  the 
overall  sound  pressure  level.  It  is  significant  to  note  that,  Ideally, 
the  suppression  aust  be  accomplished  without  any  reduction  in  the  Me¬ 
chanical  power  of  the  jet. 

The  pro  bias  of  Jet  noise  suppression  has  existed  for  quite  a  few  yeara. 

It  first  came  up  in  connection  with  the  development  of  large  turbojet 
engines  during  the  early  1950* a*  «  considerable  amottt  of  work  on 
suppressor  nostle  design  and  development  was  accomplished  by  the  sir- 
craft  and  Jet  engine  Manufacturers  from  that  time  mtll  the  end  of  the 
decade,  at  which  tiMe  the  concept  of  turboftn  engines  be  cane  a  reality. 
Theee  engines  offered  a  significant  relief  of  the  jet  noise  problem. 

Recent  events  hsve  resulted  in  renewed  effort  to  tackle  the  problem  of 
jet  noiae  suppression.  It  was  realised  that  the  high  velocity  after¬ 
burning  engines  for  the  supersonic  transport  aircraft  could  create  a 
rather  high  noiae  level,  and  noise  suppression  device*  would  therefore 
seen  s  desirable  coaplenent  to  these  engines.  Consequently,  Boeing 
Is  carrying  out  a  development  program  aimed  at  suppressing  the  noise 
fron  high  velocity  engines* 


The  eatsbliatanent  of  stringent  noiae  restrictions  at  major  airports  in 
the  U.  3,  end  Europe,  and  the  simultaneous  development  of  more  powerful 
turbofen  jet  engine  a  have  led  to  attempt#  at  suppressing  the  noise  from 
low  velocity  Jets.  This  development  aust,  of  course,  be  accompanied 
by  efforts  to  reduce  the  compressor  and  turbine  noiae  in  turbo  fan 
engines,  however,  the  lower  frequency  jet  noiae  dominate#  the  sound 
field  during  e  majority  of  aircraft  operations.  Figures  1  and  0  show 
the  perceived  noise  levels  caused  'jj  the  individual  aolse  sources  on  s 
typioal  medium  range  turbofan -powered  aircraft.  The  jet  noise  Is  seen 
to  d (urinate  at  the  higher  thrust  settings  and  at  greeter  diatanoes  from 
the  aircraft. 
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IX.  Jot  N'nls^  f»rn«»r;«t.1nn  -nri  .r.^pr^rainn: 

A,  *1  h^ori  -i  fr»  .V.t  ?'oJ  ^Vr.crr  * ,^or, 

It  is  r.ot  the  intent  to  givo  a  discussion  of  the  theories  of  jet  noise 
generation  mechanists  in  this  paper.  A  brief  review  is  in  ordor,  how- 
over,  co  that  wo  may  indicate  topics  of  present  interoat. 

The  works  of  high thill,  Ribnor,  Ffoves  Williams,  and  several  others 
appear  to  agree  that  in  the  Jot  volocity  regir.es  of  subsonic  and  low 
supersonic  flow,  Jet  noise  radiation  is  dominated  by  sound  generation 
of  convcctcd  turbulence  ir.  the  jot  efflux.  Wo  coll  this  the  regime , 
because  the  total  sound  powor  emission  varies  with  thd  eighth  power  of 
the  flow  velocity.  ;  ° 

At  higher  supersonic  flow,  this  relationship  oust  necessarily  fail, 
since  otherwise  we  would  be  faced  with  the  impossible  situation  of 
sound  power  emission  exceeding  the  available  mechanical  power  of  the 
Jet.  We  esn  therefore.  state  as  a  fact  that  an  upper  limit  for  jet 
noise  radiation  as  a  function  of  velocity  will  approach  a  third  powor 
relationship  at  high  velocities.  Theoretical  developments  on  super¬ 
sonic  Jets  by  Ribr.cr  ar.d  Ffowes  Williams  predict  Mach  wave  rncintion 
from  the  jot,  increasing  in  intensity  as  the  third  power  of  velocity. 

Ar.  additional  source  of  noise  la  the  interaction  between  turbulence  and 
the  stationary  shock  pattern  in  supersonic  jets.  The  question  of  which 
mechanism  dominates  the  noise  radiation  will  be  considered  later  in 
this  paper. 

The  noise  from  jets  at  low  flow  velocities  has  been  discussod  mainly 
by  Ffowca  Williams.  Depending  on  the  roughness  of  the  flow  upstream 
of  the  jet  noszlc  exit,  "dipole"  noise  generated  in  this  region  nay 
overwhelm  the  "qundrupole"  noise  up  to  a  nozzle  <exit  velocity  of 
1CC0  ft/sec  for  cold  flow.  Wc  call  .this  thq  V6  regime,  because  tho 
total  sound  power  varies  with  the  sixth  power  of  the  flow  velocity. 

As  wo  will  di3cur.3  lotor,  this  internally  generntod  noise  is  of  inter¬ 
est  in  the  suppression  of  jet  noise  from  turbofan  engines. 

To  3ir.7.ari2e,  wc  msy  consider  three  separate  velocity  regimes  ir.  de¬ 
fining  tiie  r.oice  generated  by  turbulent  Jets.  Turbojet  engines  devel¬ 
oped  during  tho  1950' a  operate  in  the  velocity  regime  dominated  by 
V4-  r.oioo.  The  engines  U3ed  in  current  CST  designs  will  operate  at. 

.,uf erscnic  Jot  exhaust  velocity  in  tho  transition  regine  between  V- 
:  \d  V’3  dominated  noise  emission.  Finally,  high  bypass  ratio  turbofan 
cr.gi.v.s  currently  being  dovelopcd  operate  at  subsonic  Jot  exhaust 
velocities  Just  above  the  regime  whero  V&  r.oise  becomes  appreciable. 


3. 


-Thsory  .to.  Site  Torsion 


Wc  may  r.ow  pose  the  following  question:  How  do  wc  apply  the  theories 
of  jet  nolae  toward  suppressing  the  noise  from  a  particular  jet  encir.c? 
If  v<- ,  for  < x.'uarlo,  consider  Lighthill’s  expression  for  acoustic  power 
emission  from  subsonic  jotp, 

Acoustio  Pover  =  AV® 

pT  n0T  ' _ 
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us  realize  that  the  only  free  pnranc ter  is  the  unknown  constant, /K 
which  depends  on  the  level  of  turbulence  in  the  Jet.  Lij?hthili’,s 
pow-  r  lew  is  consequently  of  very  little  help. ns  a  Guide  to  tho r  engineer 
In  order  to  emphasize  this  point,  we  apply  the  formula  to  n  multitude, 
supprt-r.sor  nozzle  with  N  tubes  of  c  jual  croio-s«etf3hol  area.  Accord¬ 
ing  to  orpuaer.ts  by  Rltner  and  Ffovcs  Villitms,  the  total  noise  per 
unit  length  is  Greater  l y  n  factor  /s  than  the  corresponding  value  foz; . 
a  single  jet,  go  that  tho  Multiple  jet  produces  sc  such  power  in  its  .... 
initinl  nixing  region  (of  length  proportional  to  D//K,  where  D  is  the 
Jet  dianotr>r)  cs  docs  the  single  Jet  in  its  fti  tines  longer  nixing 
region.  Now,  a  multiple- nozzle  suppressor  is  known  to  reduce  the 
jet  r.oiso  emission,  so  the  theory  is  apparently  inadequate  in  thie 
application.  We  will  return  to  this  point  later  in  tho  paper. 


The  lack  of  ilcar  theoretical  Guidelines  has  forced  the  study  of  Jot 
r.oi ze  suppressors  to  rely  on  intuitive  ideas  and  parametric  investi¬ 
gations.  Certain  dealer,  principles  have  evolved  from  the  almost  count¬ 
less  suppressor  nozzle  configurations  Which  have  been  tested  over  the 
years.  None  of  these  principles  is  well  understood  or  documented,  and 
n  r.u;.ber  of  conflicting  explanations  of  the  physical  mechanisms  in¬ 
volved  have  been  advanced. 

In  the  following  sections  of  this  paper  we  will  examine  various 
clr.c.-cs  of  suppressor  nozzles.  The  design  principles  which  have  been 
invok'd  will  bo  discussed,  and  an  attempt  will  be  made  to  explain 
the  mechanisms  involved  in  the  suppression  of  the  noiso. 

HI.  frirrroselor  of  Jet  Solan: 


Tr.  the  discussion  above,  we  divided  our  treatment  of  the  Jet  flow  into 
three  separate  velocity  regimes,  each  characterized  by  a  dominant  r.oiso- 
Goncrmir.g  mechanism.  It  will  be  convenient  to  caictain  a  similar 
separation  when  cxr:aininc  Jot  noise  suppression  methods,  even  though 
th-  velocity  rrgimos  overlap  to  such  an  extent  that  tho  dividing  lines 
may  npp.-.r.r  rather  artificial. 


Vhe  pio:;.;i-ri..g  work  on  jot  noiso  suppression  durinc  the  1950’s  dealt 
almost  exclusively  with  Jets  operating  in  the  V°  rogimo,  and  it  will 
i>e  appropriate  to  consider  this  regime  first. 


■’■•o;.3C-.’-;r:S-?gw»5pn  An.  thu  ^  BprJLrvi 


before  going  o.-.  the  (inscribe  methods  of  jet  noise  suppression,  we  must’ 
discuss  the  following  questions  Which  part  of  the  jet  flow  should  we 
in  order  to  Obtain  optimum  r.olse  suppression?  Or,  stated  more 
•  rpilcitly:  A'r.rrc  in  tho  Jet  are  the  prime  sources  of  noiso  located? 
dir.ee-  wo  r.r:  examining  the  V®  rerime,  we  restrict  our  discussion  to 
r:u-  'rupoic  r.cir.c  generation.  It  turns  out  that  there  are  two  main, 
opposing  opinions  on  the  problem. 


ih  ..ore  cor--. only  accept. d  r-oint  of  viov,  advanced  by  Ribr.er,  is  that 
the  d.  iir.nnt  sources  of  re  locutod  in  the  mixing  region  of  the 
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jet.  In  the  fully  develop  part  of  the  jet,  the  noise  gem. ’at  d  per 
unit  1-ngth  varies  inverjely  with  the  seventh  power  of  the  e:  ster.ee 
from  tho  Jet  exit.  The  noise  generation  in  the  transition  region 
find  the  fully  developed  Jet  is  asaused  to  doorcase  gradually  with 
distance  downstream,  as  shown  in  Figure  3.  Some  experimental  evidence 
for  Uds  point  of  view  has  been  obtained  by  Mollo-Christenscn  in  a 
carefully  controlled  experiment  in  which  he  measured  the  pressure 
field  just  outside  the  jet  boundary  as  a  function  of  the  distance  down¬ 
stream  from  the  jet  exit. 

In  a  recent  unpublished  work,  Ffowcs  Williams  argues  that  matching 
the  two  curves  of  sound  output  p$r  unit  length  in  the  mixing  region 
and  the  fully  developed  jet,  as  in  Figure  3,  any  be  misleading,  lie 
suggests  that  since  we  do  not  know  the  relative  values  of  the  noise 
generated  from  the  two  regions,  an  equally  plausible  distribution  i3 
j  the  one  shown  in  Figure  4*  If  this  is  indeed  the  case,  then  the  dom¬ 
inant  sources  of  noiso  could  be  found  in  the  region  between  10  and 
20  diameters  downstream  from  the  nozzle  exit.  Recent  experiments  by 
Potter  and  by  Maestrello  appear  to  support  this^point  of  view.  In 
|  particular,  Meeatrello’s  re&ults  indicate  that  the  sound  sources  of 

,  maximum  intensity  are  located  at  least  10  nozzle  diameters  downstream 

i  from  the  jet  exit.  Botn  the  theoretical  and  experimental  considerations 

'  involved  in  determining  thl3  problem  are  atill  under  study. 

! 

I 

In  view  of  this,  it  is  not  possible  to  reach  a  definite  conclusion 
|  as  to  the  location  of  the  dominant  sources  of  noise  in  the  Jet.  In 

|  the  following  discussion,  whenever  an  attempt  la  made  to  explain  the 

|  mechanisms  underlying  the  design  principles,  the  uncertainty  must  be 
kept  in 'mind. 

1,  Xor.r'e  Jpt  Noise  Sunrrpsnorst  The  name  "mixing  nozzle" 

refers  to  the  largo  class  of  suppressors  which  presumably  operate 
on  the  principle  of  entraining  surrounding  air  into  the  Jet  flew  in 
order  to  shorten  the  mixing  region  and  to  reduce  the  mean  velocity 
j  gratis  eats.  This  class  includes  multi  tube  nozzles  and  multilch;  or 
commuted  nozzles.  Fxamples  of  mixing  nozzles  are  shown  Figures 
|  5  and  6.  In  designing  mixing  nozzles  for  optimum  noise  suppression,  we 

apply  three  main  principles*  (i)  Jet  exit  geometry,  (ii)  Ventilation 
(access  of  secondary  air  to  individual  Jet  streams),  (iii)  How 
break-up  (number  of  individual  jet  streams). 

Ir.  applying  these  psir.ciplo3,  wo  must  remember  that  tho  suppression 
ha:  to  be  accomplished  vith  a  minimum  performance  los3  of  the  en~ 
gino,  Each  of  the  px*inciples  of  s-pprexsion  requires  for  its  com¬ 
plete  and  separate  definition  a  good  deal  more  information  than  is 
I  presently  available.  Even  so,  they  have  assisted  in  *he  design  of 
suppressors  which  cause  the  total  acoustic  power  generated  to  drop 
to  one- thirtieth  of  tha  unsup; ressed  noise,  or  a  15  dB  reduction. 

!  (i)  folt  H: one ‘ty  -  In  Figure  7  we  have  defined  sone  of  the  para¬ 

meters  of  interest  in  tho  design  of  nixing  nozzles.  Wo  huve  showr. 
a  multitude  nozzle,  and  in  the  following  discussion  we  will  restrict 
ourselves  to  this  kind  of  mixing  nozzle,  with  the  understanding  that 
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th<«  arguments  mr.y  be  easily  generalised  to  include  nultilolo  aosyes. 

Or,*.*  Important  p?.  rone  ter  k a  the  area  ratio,  which  ve  define  03  th/  * 
ratio  of  the  ares  circtawcrihing  tiw  mixing  nozzle  to  the  area  f 
of  the  original  Jet  nozzle.-  Incr&sing  the  area  ratio  leads  to  an- 
increase  ir.  the  rate  of  secondary  air  mixing*  This  prorates  the 
development  of  the  celf^preserving  jet  closer  to  the  nozzlo  exit, 
so  that  lov  frequency  noise  suppression  results  from  the  shortening 
of  the  transition  region.  .  We  know.' that  &  maximum  amount  of  noise 
suppression  occurs  when  the  spacing  between  the  individual  nozzle 
elements  approximately  equals  their  diameter,  causing  the  jets  to 
interfere  at  the  end  of  their  mixing  regions.  This  criterion  would 
seen  to  define  an  optimum  spacing,  or.  area  ratio.  A3  the  area  ratio 
is  increased  further,  wo  quickly  reach  the  point  at  which  the  elements 
are  so  widely  spaced  that  th^r  behave  ltke  individual  jets.  The  sum 
of  their  acoustic  powers  is  Wien  equal  to  that  from  the  single  primary 
jet,  30  that  the  only  effect  is  the  shift  in  the  characteristic 
!  frequency  of  the  noise.  '  '  V 

i  *  * 

j  As  it  turns  out,  however,  the  optimum  aroa  ratio  is  not  unique.  It 
varies .with  the  geometrical  arrangement  bf  tho  tube  elements,  and 
increases  vith  an . increasing  number  of  jets,  as  shown  in  ’Figure  8.  Ons 
j  reason  for  thi3  effect  is  that  as  the  number  of  tubes  in  the  supprossor 
nozzle  increases,  it  become!,  more  difficult  to  provide  good  access 
of  secondary  air  to  the  center  part  of  the  nozzle.  Consequently,  it  - 
j  is  necessary,  when  the  number  of  tube  elements  is  large,  to  increase 

the  spacing  between  the  elements  to  a  value  beyond  the  optimum  in  order 
|  to  provido  good  ventilation. 

j  (ii)  Ventilation  *  For  simple  cases,  it  is  possible  to  compute  the 
j  cross-sectional  arch  needed  for  adequate  secondary  air  access  to  di-' 

.  vid<a  nozzle  elements  from  theoretical  considerations  of  jet  mixing 

!  requirements.  However,  this .computation  becomes  less  accurate  when 

it  is  applied  to  hot  jets,  or  to  a  mixing  nozzle  with  complex  elemen¬ 
tal  nozzle  terminations. 

It,  has  been  maintained  that  ncce«3  of  secondary  air  to  every  jet  stream 
issuing  from  the' nozzle  should  bo  00 -good  as  possible.  The  effect  of 
"starvation"  on  noise  suppression,  however,  i3  known  only  in  a  qualita¬ 
tive  wajt  Figure  9'  illustrates  on  experiment  by  Rolls-Royce  on  ven¬ 
tilation  effects.  The  graph  showg  the  variation  with  Jet  velocity 
of  t,he  noise  from  a  hexagonal  array  of  55  nozzles,  and  a  square  array 
of  4V  nozzles,  compared  with  that  from  a  single  circular  nozzle  of 
:  the  name  total  area.  Despite  its  smaller  area  ratio  and  smaller 

<  number  of  jet  elements,  the  square  array  give3  the  greater  attenuation. 

|  This  must  be  attributed  to  the  easy  access  of  secondary  air  to  the  cen¬ 
ter  of  tho  square  array  in  comparison  with  the  relatively  poor  venti- 
I  lotion  of  the  hexagonal  array.  .  , 

Recent  investigations  by  "Boeing  have  shown  that  the  effect  of  venti- 
i  lotion  on  the  noise  suppression  diminishes  as  the  Jet  velocity  is  in¬ 
creased,  and  becomes  negligible  at  Jet  pressure  ratios  above  r.pprox-’ 

inanely  2.0  tq  2.5.  Figure  10  ahotfo  "the  perceived  noise  suppression 
achieved  with  a  five  slot  nozzlo  As  the  secondary  air  access  routes  are 
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ir.erf  xrir.gly  blocked  off.  At  Jet  pr^cmre  ratios  of  2.  A  and  3.0 
the  .  j  of  ventilation  are  practically  negligible,  wherres,  at 
ft  Je t  p:*ex-*ure  ratio  of  1.8  there  is  ft  great  loss  in.  tr.e  r.oico  sup,-  - 
presale.;  ns  ventilation  i3  reduced.  Figure  11  shows  this  to  be  due  to 
-’-r*  f.s-i  In  high  frequency  noise,  which  is  presumably  g-r.rra tod 
close  ? o  the  nossle  exits. 

One  effect  of  ventilation,  however,  Is  maintained  even  at  high  jot 
press uro  ratios.  The  loss  in  oeftsured  Jet  thrust  increases  signifi¬ 
cantly  as  the  secondary  air  access  is  blocked.  This  ccn  bo  accounted 
for  from  consideration  of  the  bese  drag. 

\ ill )  Flow  :ir,--k-Up  -  Break-up  of  the  flow  into  a  number  of  indivi¬ 
dual  Jet  streams  by  means  of  multi  tube  or  multiloba  nozzles  has 
bier.  shovr.  to  result  in  large  amounts  of  jet  noi3e  suppression.  This 
remit  is  subject  to  tho  condition  that  the  spacing  between  the  indi¬ 
vidual  jet  elements  be  approximately  equal  to  their  diameter,  in  the 
case  of  circular  elements,  or  their  width,  in  the  case  of  lobe 
elements.  t. : 

Wo  will  illustrate ' the  effect  of  flow  break-up  by  considering  multi - 
tube  nozrios  of  constant  area  ratio,  but  with  on  increasing  number  of 
flow  tubes*  Figure  12  shows  the  variation  in  tho  jet  noise  spoctra.  It 
appears  that  two  main  effects  result  from  increasing  the  number  of 
flow  elements.  The  dominant  region  in  the  noise  spectrum  i3  sc*.n  to 
shift  to  higher  frequencies  with  on  increase  in  the  number  of  bub's. 
This  is  accompanied  by  «  continuous  drop  of  the  high  frequency  part  of 
the  spectrum  uritil,  for  the  hypothetical  case  of  an  infinite  number 
of  tub's,  the  high  frequency  part  no  longer  dominates.  The  sound  sup- 
7’rrssion  ir.  the  low  frequency  part  of  the  spectrum  appears  to  be  in¬ 
dependent  of  the  number  of  tubes. 

(iv)  To:**!  **o*ao  In-  r.-»-,rion  -  We  will  attempt  to  explain  the  noise 
reduction  mcch'.nlsms  which  causo  these  changes  in  L.V  noise  spectra, 
keeping  ir.  mind  our  uncertainty  as  to  the  location  of  the  dominant 
sources  of  noise  in  the  jet.  Ir.  general,  however,  we  mry  assert  that 
the  high  freouency  r.oise  is  genera  bed  closer  to  the  nozzle,  ar.i  the 
low  frequency  r.olse  farther  downstream  in  the  transition  region  nr.d 
i the  fully-developed  jcb.  Impending  on  the  point  of  view,  the 
dcmir.'.nt  frequency  r*f Idr.  in  the  noise  spactrum  is  generated  either 
at  th-  <rsd  of  the  potential  cora  or  well  into  tho  transition  region 
of  the  jet. 

i  f-  rring  back  to  Figure  7,  we  may  r.ow  argue  that  a  multi*'!*- ment  jot 
co:.'f  ir.  ;  two  separate  regie:.-  where  mixing  trikes  place,  one  is  th*» 
m'.xlr-  .•••ficr.  of  the  element nl  j**ts  clcse  to  the  nozzle  exit.  These 
.’>  -s  into  n  single  Jet  flow  which  possesses  a  larger  scsle 

mixing  r  ic.:.  The  fr« cv:**r.ci  of  the  r.oise  generated  ir.  mch  r»— 

.  ir.-.  '-.c.'  I •*  with  the  3:rou:.«»l  number  fD/U,  where  D  is  t::<  dir,r.  v*r  of 
ep.:.. J*bs  r.rd  th*  diameter  of  the  coalesced  jet,  respectively, 
low  fr-  r.  :y  r.oise  is  gen. -r;  ted  ir.  the.  mixing  region  r.r.d  th*-  tr - 
Mor.  r  lor  of  the  latr»r.  It  appc.rs  that  on  ir.crrr.se  ir.  ?::•  .-.re', 
r\  .io  of  the  nozzle  will  have  two  effects  on  this  noi3o-gcr.«- rating 
r*  ,:ion.  T’r.*:  charsetc rlstic  frequencies  of  the  r.oise  will  be  lew.* rod 
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ns  the  rrcn  ratio  increases,  This  effect  is  augmented  by  the  increased* 
ratc  «t  vhich  tjv*  Jet  flow  velocity  , is  reduced..  Increasing  the  orr-n;  ;g 
ratio  also  loads  to  greater  rat  e  of  nixing  wi  th :r the  surrounding  air, 
promoting  th<-  full  development  of  the  jet  closer  t*o  the  -nozzle  exit. 

The  consequent  shortenin’  of  the  mixing  region- and  the  transition  re¬ 
gion  of  the  coalesced  jet  account ‘for  the  suppression  of  the  low  fre¬ 
quency  r.oi  sc.  •  ! 

The  characteristic  frequencies  of  the  noise  generated  in  the  mixing 
region  of  the  elemental  jets  will  increase  as  the  diameter  of  the 
jets  ir.  reduced.  This  accounts  for  the  frequency  shift  of  the  dom¬ 
inant  jurt  of  the  spectrum  with  increasing  numbers  of  flow  tubes,  as 
shown  ir.  figure  12.  The  suppression  of  the  high  frequency  noise 
is  more  r.  natter  of  conjecture.  We  know  that  increasing  the  spacing 
tu  tv->  n  t »  elemental  jet3  leads  to  an  increase  in  the  high  fre¬ 
quency  noise.  Presumably,  this  results  from  the  increased  length  of 
the  i -.a.  r.tly  acting  elemental  jets.  It  has.  been  suggested  that, 
at  :.or i'  optimum  spacing,  the  secondary  air  induced  between  the  jet 
•elements  causes  noise  suppression  by  reducing  the  mean  shear  in  the 
j •• : r .  This  view  is  partly  substantiated  by  the  experimental  obser¬ 
vation  that  blocking  off  the  secondary  air  access  increases  the  high 
frequency  r.ciso  generation  (Figure  ll).  However-,  a3  we  discussed 
ir.  -.r,  earlier  section,  this  cffcot  decreases  with  increasing  flow 
velocity  and  apparently  0003  not  occur  at  jet  pressure  ratios  above 
that  at  which  the  flow  is  choked .  Another  possible  suppression  me¬ 
chanism  is  the  shielding  of  the  high  frequency  noise,  generated  by 
the  elemental  jots  ir.  the  center  of  the  flow,  by  the  circumferential 
Jets. 

2.  >-r  .%-t  Notre  5nnrr-»rsors;  Having  considered  mixing  nozzle 

suppressors  rather  thoroughly,  we  will  now  go  or.  to  a  brief  discussion 
of  suppressor  nozzles  which  rely  on  separate  or  additional  techniques 
to  acnlcvo  a  reduction  ir.  the  acoustic  power  output. 


•M> 

u.. 


. 

aSHSMI-V: 


u)  v  el  -  Wc  define  a  directional  nozzle  ns 

r.  s.*.or 


sour.a 
of  re- 


which  operates  partly  or  completely  on  the  principl 
dir- '-ting  th»-  acoustic  radiation.  It  has  beer,  determined  enperimer.- 
t.  ll;.-  tnnt  th*  noise  radiation  pattern  from  a  slot  or  rectangular 
r.v.  I;  is  .'lliptical  about  the  jet.  axis.  The  significance  of  the  ellip- 
•  <•  1  r.oi.-<’  pattern  tv- corn's  rppnrent  if  we  j-ccogni?*’  the  requirement 
of  ;  :  r.- user  ir.  terms  of  i  t  >  operational  U3e.  While  it  is  desirable 
to  achieve  large  noise  reductions  ia  all  directions  and  under  all  opera¬ 
tional  conditions  of  an  aircraft,  the  primary  aim  is  to  suppress  the  noise 
radiutfc  toward  the  community  as  the  aircraft  flies  over. 

ir.  ti.  pa-.t,  several  investigations  into  the  noise-suppressing  qualities 
of  slotted  nozzles  have  beer,  conducted.  Figure  13  shows  the  results 
oht.-.,u-->c  with  one  particular  type.  It  is  of  interest  to  note  that,  in 
sedition  to  the  considerable  noise  suppression  in  "the  direction  nor¬ 
mal  to  the  short  ends  of  the  nozzle,  there  is  also  a  reduction  ir.  the 
-  i  acoustic  radiation  •  Wc  may  reformulate  the  design  princi¬ 
ples  of  noise  suppression to  state  that  n  reduction  in  the  sound  power 
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can  i*'  obt  ained  by  i  r.  inert  as*  in  tr.r  nixing  perimeter  of  tho  job  noz¬ 
zle,  '.ho  pronounced  directional!  ty  of  the  radiation  ir.  no*,  so  eerily 
explained.  Tests  show  that  the*  high  frequency  noi.ni?  is  an  rise  cl  y  more 
fllipilcal  than  the  1  ov  frequency  mir.e,  suggesting  that  the  dirr-a- 
tic-r.M  effect::  r.ro  mn Lr.ly  limited  to  the  jet  mixing  ration.  I/U*--  to  f 

tho  ..hate  of  the*  nozzle  exit,  the  jot  initially  expands  cor:-.',  horn  My  / 

more  off  the  short  aide  a  than  off  the  lor.f;  sides  of  the  nozzle •  'I..'.:  v 

results  in  a  largo  floy  region  of  high  mean  shear  radiating  high  f  r*y 

qu-noy  r.oiso  off  the  long  .aide:;,  whereas  the  low  r.cr.n  sh^ar  ir.  the  j 
I*Ci  pi  dly  cxr.f  !*tl*Ti**|  ur.or  v  fixing  region  reduces  tho  high  frt:qu*./cy 
radiation  off  tho  short  sidea  of  tho  jet  woke.  j 

(ii)  !  *npt.nr;-  -  An  ejector-  ays  ton  ir.  primarily  a  thrn3t-HU;ja-~r.  Va  tior. 
device.  Tr.r-  jet  discharging  from,  the  primary  nozzle  nixes  vi th  tho 
entrained  airflow  within  the  cylindrical  shroud,  resulting  ir.  nr. 
augmented  jet  of  lover  velocity,  frf  we  consider  the  acoustic  power 
output  of  a  jet  to  very  as  the  eighth  power  of  the  flow  Velocity,  : he 
ejector  system  seems  very  attractive  for  the  purpose  of  suppressing 
jet  noise. 

Investigations  have  shown,  however,  that  en  excessive  ejector  length 
is  required  ir.  order  to  promote  sufficient  mixing  for  a  significant 
noise  reduction,  "idolater.1 :  results  from  testing  a  simple  conical 
nozzle  with  ejectors  of  increasing  length,  shown  in  Figure  14,  suggest 
an  ejector  length  of  tho  order  of  20  nozzle  diomctcr3. 

The  mixing  of  primary  and  secondary  cir  will  be  ir.crcnc.-d  considerably 
by  using  ejectors  in  combi nation  with  mixing  nozzles.  The 
ejector  length  required  for  satisfactory  mixing  under  these  conditions 
ray  be  reduce  to  two  or  three  nozzle  diameters.  Such  ejector  sys¬ 
tems  have  beer,  found  to  c.aust.  a  noise  suprression  of  3  -  5  cd  beyond 
that  achieved  with  the  mixing  nozzle  nlor.e. 


W<  will  return  tc  a  discussion  of  ejector  systems  later  ir.  this  ; 
in  connection  with  suppression  of  r.oisc  from  high  velocity  jets. 


(ill)  A-'1  -M  1  --  -  A  Lest  program,  has  been  conducted  at  lio-.ir.g  to 
t-.  rmir.o  tne  effect,  of  shielding  panels  placed  parallel  to  jet 
■„fflux  on  the  acoustic  radiation  from  th-  jet  (Figure  lb ) .  The  re¬ 
sults  have  implications  regarding  the  effectiveness  of  possible 
shielding  suppressors,  or  th.  effect  cf  nearby  aircraft  sections  in  re¬ 
ducing  the  noise  levels  in  r.  specified  direction. 

it  v-.r.  found  that  in  ord  *r  :o  o.;ta*r.  p  renounced  shielding  of  noi :.  the 

r:  :.M  m.sr.t  extend  past  the  non  :1c  <->:it  plane-  by  no  l<-ss.  than  -Ight 
din*.  rr .  This  If  :.  ;th  err.  b  •  re- lured  to  four  diameters  for  •  .u-  same 
..  *.ou  t  of  sung  n lor.,  how.-v.-r,  w'..- r.  r>  mix' .ng  nozzle  ru;  pr.u.sor  i-. 

*.:s  in  comi  in.-stlca  w.*  tr.  th*.  shield  (Figure  1**).  As  exp  return,  t .-.** 

1  prev  d  to  r.-  n  ..ore  effective  shield  for  the  high  ft*. 
noiS'-.  ir.ls  is  clearly  indies ted  by  the  r.oisc  spectra  ir.  FI  a 17. 
li..-  ir.csv  eff*.cti votes.:  fer  the  mixing  norrl*.-  is  due  to  th.-  fact 

that  th<-  peak  ol‘  the  nci.a-  spectrum  is  shifted  to  higher  fr.-su  rci- u. 
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l'\  •  ^  v*  Iopncnt  of  the  ty^nsr.  Je »  '.^1^ 

u.’  ■  *  s 1  v  1 1 i  *<y  »♦*  i  •<  *.r»r#**»  nr  flow  night,  under  none  ecr.il- 
;t  t  ;  j.  t  r.cou:;:!c  povc r  output  /civ  n tv.eoualy .  or-.  rtny 
.:  •  of  Id  11' r.  theory,  that,  the  r.ois**  ,yr,< -rr.tion 


ccpcr  h*.  rcr.-ly  o.;  tf.<-  r*-rn  velecl V  gradient*  in  the  flov/.  The 
ir.trcu.rcticr.  of  n  lev  r.;eec  flow  surrounding  the  primary  jet  will  rc- 
cuer  the  v  h.'lv  entii..- ai.yiificnr.tly,  nrd  ought  to  result  in  n 
love-  Kcocstic  power  output. 


l.v  i\  jul  v.i  frem  n  nod-.!  re**le  experiment  d0nlj7r.ee  to  verify  tr.  ee 
v  .e*.  ■ . ..  i r.:.ov..  in  hi, 7. re  Id.  At  low  values  of  the  sccor.ir.ry 

flow  v  lerlty,  t..o  effect  or.  the  r.oisc  goterstei  fcy  the  primary  jet 
. r  hi-;.  At  high  values  of  the  velocity  ratio,  tho  noise  gover- 

»  t- i  by  tho  s' concur. '  flow  becomes  appreciable .  Severer,  r.t  ir.tcr- 
ilat.-  velocity  ratios,  tho  perceive!  noise  level  values  arc  ai.pr.i- 
ficsr.tV  lowered,  ir.d. eating  n  noise -suppressing  aechnsicn  of  tne  type 
diaouo.d  nbov»‘. 


further  exp-rir.  jnts  have  investigated  the  effect  of  ctr,v-  ring  tne 
oil  of  the  primary  nrd  secondary  flows.  It  woo  found  that  coat  of 
the  ro.se  suppression  disappeared  when  the  secondary  exit  was  with¬ 
ers  *n  more  thru.  one  r.otslo  dimeter  behind  the  primary  exit  plane. 


3  .  r fur*  rv  "Vt 

.  mu.tr  r- .  1  -  ■■■  .T  1  - 

A  full-sscl*!  sult'tulc*  nestle  sur p r.-asor  has  bo*-r.  designed  end  tested 
'ey  Ls-  ir.i  to  d:  l/  rr.ir.e  if  the  erst*  largo  mounts  of  jet  noire  suppres¬ 
sion  cauls  to  c-bt**;r.;d  full  scale  as  has  been  demonstrated  in  small 
1  vv.tn.  1  .v*  ruppr-T.sor  consisted  of  r.r.  array  of  £59  identical 
t„;ul.r  r.sxsl-s,  re: inn:  r,  ur.ifo-mly  spared,  end  provided  with  Adequate 
v-.r.tilvir..  spree-  for  the  flow  of  r*condr.ry  r.ir  hotv.ser.  tub  a,  m  ^ 
shown  i:.  r’igus*.*  19.  !r.  addition,  s-vrrul  Hcourticnlly  lln^d  rylindri- 

w'.l  vvrv  test-v.  ir.  conjuration  ui*h  th  n:Iti  sur.  '  »*r»r 

;r.  or.,  .r  •  o  ir.v  -.-si  ti  further  th**  effect  of  high  fre*u.  ncy  r.ci  / 

. » *  ,  1 ,  ,  ,1  (  f  C  *»  -  •  . ..  fl  c.tc  .  «>>  4  1*4  .  *  .  4  *  1*4  • 
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1  erg  lir.  i  nr.r.v.:d.  The  r.-ir.  t*-st  results  ere  show;.  *r.  iig-rrs 
*.  .  m. : icr.  rf  figure  il  sl^ws  that  th*  principal  effect  of 

.• .  •  j;  .  r.o.-rif  in  ?t  v «?.•./  I'.r,;  •  decrease  ir.  r.ol.«  l*-vs»  sr.  the 


:*  v.uuei'.S, 


sub-. •  * icl  d ecr-.n,..*  Jr.  ‘ir  low,  !»nd  little  or 


r  •  .  .  nigh.  lh*-  /  .hit  tier,  of  •  ccustictlly  lined  nhrouds  reduces 

*..  ;  r.cj  1  ole  .*•  grr*.My.  figure  Cl  also  >".;ows  ti.“t  tr.c 

*.  ••  ..f  t.  ur!!;.*  .  .three i  l.;  r.' if.ibW .  Conversely,  *»•  •»  lir..  d 
.■  ...  .*•  .*  r.c  t  ro.;.:*'  i.v*  r.^.s'  l  .ve*  frwt  th**  s V. r.i^rJ  r.o* •  . ti 3 
,.ul  *  i;.  to  lv  .  xp^cieu  ir.  view  cf  cur  earlier  discussion  or.  ejector 
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eddies  eor.vec led  at  supersonic  velocities  with  respect  to  the  r.;.w.  of 
soi:r.J  in  the  unbi-  at  medium.  This  radiation  is  strongly  uir'  ctio:.;:l, 
omitting  from  the  jet  at  r.n  angle  of  0  =  cos-1  CoArc*  where  is  the" 
convection  velocity  of  the  eddies.  The.  second  mechanism  is  the  g*  t or¬ 
ation  of  sound  through  the  interaction  of  the ‘turbulence  with  sta¬ 
tionary  shock  waves  which  arc  formed  in  o vc r-exp and ed  or  undcr-expan- 
deb  rupersonie  jets. 

Acoustic  measurements  with  jets  at  high  supersonic  velocities  clearly 
indicate  the  dor.ir.nnco  of  the  Mach  wsvo  radiation.  However,  our  know¬ 
ledge  is  very  limited  when  we  attempt  to  predict  which  r.oi so-gone r- 
n  ting  mechanise  dominates  at  low  supcrsor.icVMach  numbers.  hi  trier’s 
theory  of  turbulence-shock  wave  interaction  is  r.ot  yet  sufficiently 
developed  to  perr.it  a  realistic  appraisal  .of  the  intensity  of  the 
noise  generated  by  this  mechanise.  The  .tost  convincing  evidence  of 
:  ts  ir.portar.ee  has  been  fourid  in  shadowgraph  pictures  of  supersonic 
jots,  in  which  strong  acoustic  radiation 'is  seer,  to  emanate  f rot 
localized  shock  regions  in  the  flow.  Disregarding  the  shock -induced 
noise  for  the  moment,  it  is  clearly  evident  that  there  is  o  velocity 
of  transition  at  which  the  qusdrupole  noise  ceases  to  dcr.ir.nte,  sr.d 
Maer  wave  radiation  be  cone  3  important.  We  nus  t  here  consider  Ffowcs 
Willi.'-n’  arptr.cn t  that,  whereas  qundrupolc  noise  is  directly  pro¬ 
portions  to  the  cube  of  the  turbulent  eddy  scale,  and  inversely 
I  ro;.  ortior.nl  to  tr.e  fourth  power  of  the  eddy  tiro  scale,  Mach  wave 
radiation,  or.  the  contrary,  is  inversely  proportional  to  the  square 
of  tr.v.cudy  scale  and  directly  proportional  to  the  tine  scale. 
Consequently,  changes  in  .turbulence  scales  widen  alleviate  the  cun- 
drupolc  rode  aggravate  'the  Kach  wave  case  and  vice  verso.  This 
feature  raises  the  possibility  that  suppressors  known  to  bo  good  at 
subsonic  speeds  right  well  be  very  poor  at  high  supersonic  speeds. 

1.  v‘ -  •  tk-.y-' <?  3- a -  Vfe  will  discuss  th«.  re¬ 

sult;*  from  two  sets  of  tests  with  scale  model  mixing  r.oszle  sup- 
prciu.ors  in  an  n  tv-apt  to  substantiate  the  arguments  of  the  prc-ceu- 
ir.g  ?  ti  or. . 


The  f  1  r3 1  investigation  vna  conduct'd  with  a  six-lobe  corrugat'd 
nocsl>.-  wf  area  ratio  1.6.  The  ;w  t-arcu  perceived  noise  level  nup- 
j  readier.  relative  to  stundr.rd  norr.l*;  is  shown  in  Figure  23  ns  a 
function  of  the  noetic  exit  velocity.  The  suppression  is  seen  to 
i a  ' r  .  with  increasing  velocity  up  to  a  jet  velocity  of  2006- 

f t./;;cc. t  which  corresponds  to  sonic  eddy  convection  velocity 
with  r--.:*.  ct  to  t.vr  sound  speed  cf  the  surrounding. air.  At  higher 
v  lee.  the  suppression  decreases  rapidly  with  increasing 

j.  t  velocity. 

* > .  . .o.  .  .  o.  ..to  do.>.i.c ved  .n  a  3'  — tune  lUipp-rcosor 

r.or.rlr  of  ;.r-a  ratio  4.65,  in  which  each  elemental  tube  •  nded  ir.  a 
corn,  .  rattle.  Figure  24  shows  the  measured  suppression 
r  '-'.-k-  •  vs.  the  r.ovzle  exit  vcloci  ty.  It  is  apparent  t; w. t ,  ir.  this 
>'  -i  ,  tne  nig:,  suppression  is  maintained  as  the  velocity  increases 
w.a  — >60  ft. /sec. 
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-iV  :.,:.t  to  •  •<:  lair.  improved  hi gh  velocity  porforannee  of  the 
w-.  >.  •  ."..y;  r  u.;or  in  ;.:i.  follow!:.,;  manner.  The  large  rate  of  mixing 

achi  -v.  e  with  this  .-..-.f:  gare.t;  or:  results  i  ri  a  rapid  (i-ercese  from 
trivial  fie-1  veljci  ay.  A.;  long  as  the  velocity  cf  the  nu/mv-nt-.d 
flow  ivmnir.s  lm;..  •  iv  r.  •  p:  ro/.i.  .a  tcly  2‘GC  ft./noo.,  wo  r..ay  expect 
ah,  nor.rle  to  fa 'r.  bis  suppression  character! s‘i cs .  It  1 s , 
lh-.r-*for.:,  apparent  that  the  li.T.i tin g  factors  for  the  use  of  mixing 
ror.-io  suppressors  In  high  speed  jets  reduce  to  the  permissible 
:  r.  ,1  ti e.;  ir.  aerodynamic  drag  anti  r.oxsle  weights. 


•a:.. 


r/y.. -  In  the-  precedlr.:’  accticnr 


j.rivo 


■'U::,  x.  anc  <  ~  r,:er.c-  of  ru gh  npocU  r. o i <_■ - gor. ■■ : r a t .  n  g  r.ocr.-'-ni  sms 
Jet  velocities  of  approximately  hi  GO  ft. /see.  It  appears  that 
ore  -r  to  pair,  ar.y  noise  sup;  r,  ssi or.  f rom  brea’.:-up  of  a  hi gh 


Jo-.:, 


rr.ui t:.n>.ouoly  affect  n  c or, side: 


.0  resection  m 


tr-. 
ini . ; 

;  v.v 
noi . 
tup 


.'low  velocity.  This  notion  is  implicit  ir,  tha  hovel optical  of  ‘ 
nr  ssors  for  the  3GT  engine.  We  have  men ti onod  ..-arller  ir. 

..  ;  a;  rr  that  th-.  use  of  ejectors  in  combination  vith  mixing  r.or.- 
:  •s-atly  increases  the  mixing  of  the  primary  jot  and  secondary 
ro.vsltin,j  ir.  a  reduces  velocity  augmented  flow.  The  high  tem- 
■  :  ure  of  the  J31  engine  jet  exhaust  makes  the  use  of  a  mixing 
s-.ic  a  complicated  engineering  problem,  and  therefore,  the  initial 
’ rectors  to  be  used  on  the  33T  r.uy  consist  of  a  series  of  rc- 
.crible  chutes  pro j-.c ting  into  the*  flow  from  the  ejector  walls, 
jure  1.5  shows  test  .-(.suits  from  such  n  configuration.  Ir.  this 
tLcular  cast-,  the  nor.r.lc-o jeetor  combination  produces  as  much 
as  the  n oy. ale  alv.no,  but  with  the  chute's  inserted,  a  9  Phd3 
.ssicr.  is  obtained. 
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a  co. 


bnorv'-.i  rim -r.  tally  that  with  rough  flow  conditions 
da-  r.otr.l  .  of  a  low  velocity  jot,  the  a.ou;:'  ic  pov.r 
;ri-:.;  vi  I;  the  x  th  row  ■  r  of-  the  jet  v-iocity.  ‘Inis 
,  ...  ■  u .. .  •*(,..  wo  ..I.  .- '-  .  o  .* .  *  e .  g*  r.v.  c.  ,  f -.  *  a  *  s  .  *» 

-  vj.r.'j  . a  nVi.a tat  oi  low-  r  ov.-r  ot  v_.loc*ly,  wxicn  to:.-,- 
. or  „--  t  .  , . .,  o .  h»^n  tu:'wuj.c>i(:o  and  .ov  i  x:  . 
*-"vcr.  '-.I Vli s  r.-.a  dinoa.-r-  i:  several  possible  neciv.nl s  u 
I;:-—  ;or.c  ration  ir.ric.  -  tiv  jet  r.onxi'-,  and  suggests  that 
abl  ...-.  a-  •  T.itn  involves  the  turbulor.ee  in  the  r. or. tie 
•1  v ir.,'.  ri 


to  dipole  sources  which  radiate  vith  an 
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A r.  e.\v.r.  lo,  for  on  angina  having  n  jot  exhaust  voloci ty  of  approx¬ 
imately  if 00  : “i,./scc.  ml  maximum  thrust,  the  Vfc  noise  will  be  b  Ob 
h  i  •  :•  th..n  the  V:*  r.oisc,  uceorJjr.g  to  the  above  ns  sumptions.  high 
b/jN.sj  ratio  turbo  fret  engines  currently  being  developed  have  a  pri- 
ji  L  exhaust  velocity  of  approximately  1230  ft./soc.,  at  which 
r-r.--\d  our  calculations  show  both  sources  of  noise  to  be  of  equal 
r  a ; ,r. i  —tide.  . 

Wo  must  ndr.lt  that  the  preceding  calculations  are  based  on  ord«.  r  of 
r.agr.i tuio  estimator,  only,  and  could  b'  in  error  by  a.  considerable 
factor.  vJo.no  experimental  evidence,  however,  has  been  obtained  in 
tests  with  «ir  jots  in  which  the  turbulence  level  upstream  of  the 
nozzle  exit  varied,  figure  26  show3  the  increase  in  the  acoustic 
power  emission  with  jet  velocity  from  a  node!  scale  jet  under  two 
different  upstream  flow  conditions.  The  case  of  smooth  upstream, 
flow  shows  a  low  noise  level  which  increases  ns  thu~?ighth  power 
of  the  jet  velocity.  With  highly  turbulent  flow  upstream  of  the 
nozzle,  the  noise  level  is  much  higher  at  low  velocities  than  in 
th1'  first  case,  and  it  increases  as  the  sixth  power  of  the  jet 
velocity.  The  intersection  of  the  two  curves  would  identify  the 
velocity  above  which  the  V°  noise  dominates. 

furt'.v-r  evidence  is  found  in  tests  with  model  scale  suppressor 
r. cosies.  *»'c  refer  back  to  the  results  in  the  low  velocity  region 
in  fig-res  23  fine  24.  The  noise  suppression  decreases  sharply  ns 
the  jet  velocity  ij  lowered ,  both  with  the  six-lobe  corrugated  nos-  / 
sic.  :uid  the.  thirty-sov«r.  tube  nozzle,  and  ir.  the  first  ease,  it  / 
eve.,  shows  negative  valuer,  in  the  low  velocity  region,  indicating/ 
an  increase  in  the  generated  r.oisc.  / 

/ 

will  tv.r.1.  tivcly  rouclud.;  from  the  discussion  above  tnnt  our  noise 
suprr  o:.  >:•  sign  principles  cease  to  be  valid  ir.  th.  low  jet  velo¬ 
city  2-. onus  the  generation  of  V°  r.oisc  is  not  signif lean tly 

r.f:Vc:  '.u  by  cor.vr  r.tioual  noise  suppressors.  In  the  ease  of  tur-jfan 
er.  ;:n-. taio  means  that  the  maximum.  jet  noise  reduction  possible 
with  o::t*  mal  su;  pre.jsora  is  limited  to  the  difference  between  the 
intensities  of  Vc  noise  and  V°  noise.  As  we  have  discussed  earlier, 
this  di  ■' fer-.r.co  is  3  cib  for  today's  turbofun  engines,  and  less  for 
low-  r  velocity  engines. 

It  -  not  uur  intention  to  suggest  that  further  improvements  ir.  the 
j.  t  ;.c!s-  r.. c  tr  ri  sties  of  turbofan  engines  arc  beyond  the  realm 

O.  j  .  —  V  .  v  .  *  V'#*  ,  v'  tv  LI  U  ,  I  I  e  VV  V  *  .  V  »  lv*  t  the  value  of  external  noise  sup- 

;  or.;  is  limit- J  unless  the  internal  aerodynamic  flow  of  the 
e:  glr.v  r-eelv-  s  ndeouatc  con  side  rat  ion. 
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t..  noise  e. oration  from  jet  engines  in  usually  eorisl 
of  its  eff*  cts  upon  the  coutmuni ty,  it  also  presents  a  : 
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.i-  :  i*  ;'i»*l  :  .u  ;  r*  :<surc*  flue luva lor. s  ri.r.  i ..  cor.  slut  m hi  ,  .ir-i.. 

.  i  ;•  1  :  •  r.  ...-.Try  ’-<>  '.r.o/c.i::  th*  loadin;;  r.tr*  r. f : t,:i  of  t:/  pa:.-  *3  in 

:...•  vicinity  of  in.-  ■ :i  r.<  .. .  'i'i.u  r.--CvS2»lty  of  t.a  in  Vtini  r.f  an  a  esp¬ 
ial  "»• . 1-  v-./l  it..  .o*  ti.*'  aircraft  fuselr 'o  leads  to  r.ou.ndj  rtof- 

i  ;v<:v .  ..c  ■  ;.;vC-,  ' therefore,  that  noise  suppression  Is  also 

d  mil.  objective  Ir.  th.-  :r.ir.d  of  the-  structural  ch.-si 4 


•  t* 

A'Cui.sic  ueamr.  u  of  J*_t  on  fine..-;  opera  lit.,;  in  the  V  v  lorlty 
r-  •;  ,;..ow  tt.it  t.a-  .fffct  of  Jet  noise  suppressors  is  f/.n  .tor; 

;  ■  .r.coi  ir.  t;r  near  field  than  in  th'*  acoustic  far  field,  Hale 

;•  ; ..  quite  as  >  :.j  ct.eu.  '..'•*  have  shown  earlier  that  r-.ixir.q 

:  :;ii'  nut;. res. tor.:  cesser.  an  upward  shift  ir.  the  characteristic 

qu  s  of  jet  r.otr.e.  near  field  pressure  is  vei, fitted  heav¬ 

ily  towards  the  low  frequencies,  so  that  a  reduction  in  the  iov-r 
tart  of  the  .:p..c true.  will  have  a  greater  effect  in  the  near  field  than 
*  r< r  it# wy  ^  j 


nr.  for  tuna  to  that  the  sa.n.  sue  pres  si  on  effect  is  r.ot  present  ir. 


r.i.;,h  V-  loci ty  Jet...  T< 


«« •  c  <  *•  «  V,  t  • 


.h  the  chutcd  ejector  for  th-*  Jo.  or.  fin' 


oaow  near  field  r.ot;  '-,-  s'rq  reor.ion  to  ir  consider.” cl y  l-ss  than 
mat  oi  tnir.*  d  in  the  far  fl  ,*1...  '.ills  result  is  r.ot  ir.ur.edi at*. If 
ol.vi  rue,  out  it  r...v  1.  ■  .v.ti.factorily  account-  d  for  on  the  ha  si  a 
of  our  \  r.  viou,;  ar,;.r  s  about  hi  t;h  Vi.loclty  jets.  Vo  assisted  that 
a  ucntnnr.t  tart  of  the  r.oic*?  field  of  th<:  un suppressed  Jet  is  due 
to  wav  *  radi.v  tor.  ar.u  shod:- turbulence  noise.  Those  r.ois*. 

.  .  j.  .  : o  —j  ..o  v  jOu.  rcuvor.  vns  1  near  fields,  so  wo  aay 
t.a.i.  th.  r.t  ar  field  of  the  vstauppresstd  jet  is  dominated  by  V®  noise. 
Ir.  t.a.-  su*  tri.  ss-ti  jot,  however,  the  two  hif.h-speou  r.vcr.ar.i  sr.r.  have 
.-..a  partly  •.iir.ir.tf-d,  rer.ul  tir.,;  ir.  far  field  noise  .suppression 
without  a  corrt.spor.dir..;  reduction  ir.  the  r.ecr  field. 


vni.r cr-.; 


h  .  :  .ration-.:  -..  rl  iir  taut,  l  cause  of  the  lir.i  tatior.n  r.d  short- 
.•..h  of  oi.r  .  uv.uvssor  cl  .si. a.  :  rlr.ciy  1*  s,  wo  have  to  r- lv  heavily 
■  .'  .  trie  studio.,  tr.  the  u-  v-  lot  ■  *..t  of  r.oisc  suti -reasons,  Hu. 


atvae tier,  r.r.d  ter.tin,;  lead  to  the 


.  .  .  •  ■  1  —  •<  >.*•  »i  *  • .  •  *  *  i**  -ex>  •  *  *  w%»  c  *  t»«i.  ir*.  .Sw  r ,  «»  or- 

.  wi :  .a  real  •  :.r  i  -1.  suppr  *s..ers  obviously  d.*j  •  nds  or.  th*.  ae.ur  .cy 


.  ■  *  i  >  .  •  ■  w  •  .  •  o  .«  ‘  ’.r  »t  i  U**,  h,*Uu  V»I1  *,«•*.  I*.  _w>* 

or.  ■  ••  *  1  i -q  aar.r.  ;  rs,  i:  vl  w  of  our  earlier  dir.russioe. ,  w-- 
ot  ta*...  .'a:*.,  : j  to  i.ecos.*1  inad*  quatc  in  tr.*  nlj;h  aro  * o.* 

.  v  hoel :  j  i’c,;ir. 
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h  rou.ani  at  r  h  -  id/.'.  V*.  r  ..t  at  the  ,;iv  r.  j*  t  velocity  a  no 
„•  .  ra .  *rc  ^o  ...a «  *.r.'  or.  —  f  .vo  variables  arc  tar  area  ravto 
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■  .  .  .  uu-'i-’l*.**  1  *>r<  r  o:-.  tricnl  sc’ilit ■:  of  ti  •  r*  *1 

riv-  - c,,  •  *,. ,  our  .-.cm.  » r  .1* 

-.ri  flow.  .*.»  i-/.*  j  v.--lv.e itl.  j,  i.-jv*  v>.,r,  . . ^ 

.-vv:.r  4r.r  ,.f  rent*  .  I’  t:.nt  »;  aust  r."..cr.  th-  tursu'.-.r « •  i 

v  .3  of  :h-  <•  r./’tr.  •  uh'ttH  '.*•  our  ScnU  ettwl  j*  ts  I:;  c«.-  r  to, 

.  . .  ..  •  r,r  V  *  -.0  1  '••  ••  '.his  ou'i-il  ‘y  »•»: 

,-v.  root:,  by  tcatli..:  with  nc*.l.  ucdM  Jet  engines,  or  t?  control. *r.;: 
the  u'ratnT.  cor.  iltior.j  of  the  scale  nodcl  air  l< t.  *s  oi 

t!..  problem  has  r.  V.  r.  c*  !v  d  Au.-unlc  attention. 

!•  ho.-  :.rcv-a  very  ciff: cr.lt  tc  construct  complex  scale  noc-I  e>r.fj..:- 
u.— tio;.';  which  will  maintain  tU-ir  ubspo  curing  prolong c  -  rt.:.,T  -r. 
hir.r.  t  .;-.rr  Jot  Th*.  possibility  of  tcstl r.g  atre.u-  c 

vtl'ori  ;/ and  uap'ratun  has  th*.- refer#  beer.  considered.  ■»*>..  s 
Jv.-  jlaU'lv  a  j  parent  frees  Figure  a  23  and  24  tivit  a  Velocity  r*.  t  <-c ...  on 
cir.ro t  to  p.  milted,  since  the  jet  noise  reduction  wits.  n  ;  .rticul-.r 
.;ui  rrc.ioor  r.orr.l:  is  strongly  dependent  on  the  Jet  velocity.  «• 
reduction  in  the  j"t  teeners  tar..,  while  keeping  the  jet  v— ue.vy  cor.- 
jvir.t,  is  more  open  to  discussion.  It  is  known  the V  the  rs o 
a-  «;:•  of  a  jet  incr*  as^s  with  increasing  Jet  temperature.  *•'•*  - 
'  ra  t--  .-ffcct  of  shifting  the  spcctrua.of  the  emitted  noise;  now.  vor, 

V.y  r*th  r  BT.r.11  aaocat.  The  /.ngio  of  csxiaus  radiation  ir.cr..  .s-  s 
with  inert  suing  jet  tenferatur.  ,  but  sgnir.,  this  chanc*  rs  r.o* 
for  n  red.  rate  t-  rnerr fare  char.gt.  Iho  main  objection  to  reoue.r.; 

•;>  .low  u:;pe nature  concerns  the  o  r.c ration  of  noise  by  the  r.iyn 
a-. d  r.f  chani-a  of  shock,  wave  -  turbulence  interactions.  A  t:u- 
:.t  nature  -  reduction  causes  nr.  increase  in  the  flow  Xach  nuub  r,  r-r.- 
we  -.re  not  In  a  position  to  predict  the  effect  of  the  result.:  .*  c 
ir.  the  j>  t  shock  structure  or.  the  noise  levels. 

r.cfcrri..*  a^air.  to  Figure  24»  wo  note  that,  although  there  .s  c. 

'i- r •. r^n tly  svst.n--. tic  spread  in  the  suppression  data  with  temperature 
vr-i-tion,  the  spread  is  =--*>11  in  comparison  with  the  total  suppression, 
be  rr.y  csncltdt:  that,  for  moderate  temperature  variations,  th-.  .  f.«ct 
of  jut  tempers turc  or.  the  noise  suppression  characteristics  of  a 
nos*!,  is  mtali  enough  to  be  neglected. 


Best  Available  Copy 


AW  O 


TMt 


I 


8 

r-t 

8 


o 

to 


o 

c- 


8 


o 

*r\ 


O 


O 


C-» 


CALC 

NCVIMO 

OATS 

VARIATION  IS  OOtrOBOIT  PSL  WITH  THRU  S' 
FOR  TYPICAL  MEDIUM  RASQE  TURBO  F  AN  - 
'  POWERS)  AIRCRAFT 

D6-20609 

CMSCK 

FIG,  2 

ran 

im»i— —  f  f  i  »  t  i 

■K9 

[  1 

^  f  'V'vj 

i’iEUoT  -  PER  C; 


I 


CALC 

cm 

OATI 

ACOUSTIC  POWER  0Q1F0T  PER  URIT  LEMGTH 
OP  JIT  (  RIMER  ) 

D6-20609 

no.  3 

CHICK 

•m 

—III  e=a— m3* 

L_ 

mnnw 

ho,  06-20609 

no.  5 

mi  27 

* 

•-TOM 


SYM 


NOZZLE  NOZZLE 


TO  1  840  L-«9 


-Best  Avai'ab! 


a-?ooo 


DlAMITfcfi  OP  ORIGINAL  JE1 


ARU  RATlu 


6?i6  FROM  EXHAUST  kXLi 


MH 


variation  ii  sn  aormssioi  or  hbwi 

TUB  IOUUS  WITH  IBM  OF  TUB* 
no  as u  ratio 


no.  s 


1500  FT.  SIDELINE 
Tt  =  1500°  F 
A.R.  =  3.0 


S&CTWGULAR  Bi^nr.ifp  length 

•  =  o“ 

°  -  3.6" 
o  =  7.2" 

A  =10.8“ 

-£°TPl  NOZZLE  TESTED  WITH 
4  blockers  OF  EQUAL 
length. 


Fr«K**ncy  in  *f  •• 


1<00*  ilDLUNi. 
i  a  ljoo0  r 
FJt.  =  l.e 

•  80  BLUCXXKC 

*  FU1X  BLuCKiD 


•*« 


«scm  or  an  mmMm  or  jwn® 
rots*  ni  rou.1  mam  *»  law 

«i**XD  SOOUARI  Air  «CW 


D6-20609 


no.  u 


P.K.  =  2.2 
T  *  1040°  F 
A.R.  s  5.7 
t  =  45° 


MTI 


sn  ancon  from  multi tube  nozzles 

WITH  IHC81A3IH0  HUMBER  OF  TUBES 


v*« 


COMPANY 


D6-20609 


FIG.  12 


Mi 


34 


FREQUENCY  -  KCPS 


CALC 

\ 

•CVIMO 

OATC 

S*L  SPECTRA  FROM  RECTANGULAR  NOZZLE 
SUPPRESSOR  (  TYLER  AMO  SOFRIN  ) 

06*20609 

FIG.  13 

CHtCK 

A^O 

AfAO 

HM 

TH«  mOWf&O  COMANV 

NtNTON.  WA*MtM«TON 

’“*35 

55 

•  P0®0 


« 


•  DISCRETE  FREQUEXCI  N0I3E  RLMOVED 


CH«C* 


mviub 


mti 


variation  in  an  aurmsaioN  of 

EJECTORS  WTH  EJECTOR  LStCTH (KIDBLETON 


THt 


jssssst  aa assas 


D6-20609 


FIG.  14 


*AM 


36 


»•  Ml  Ml 


t  root 


TK3  ^TUF  FCK  fclCTMGB:.** 
INV7.5IICaT7;N 


PAS  a  .vKIfl'-'ISO 


37 


OCTAVE  BAND 
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